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ABSTRACT

Innate lymphoid cells (ILCs) have emerged as critical tissue-resident lymphocytes that coordinate responses to environmental stress
and injury. Traditionally, their function was thought to mirror adaptive lymphocytes that respond to specific pathogens. However,
recent work has uncovered a more central role for ILCs in maintaining homeostasis even in the absence of infection. ILCs are now
better conceptualized as an environmental rheostat that helps maintain the local tissue setpoint during environmental challenge by
integrating sensory stimuli to direct homeostatic barrier and repair programs. In this article, we trace the developmental origins of
ILCs, relate how ILCs sense danger signals, and describe their subsequent engagement of appropriate repair responses using a general
paradigm of ILCs functioning as central controllers in tissue circuits. We propose that these interactions form the basis for how ILC
subsets maintain organ function and organismal homeostasis, with important implications for human health. ImmunoHorizons, 2023,

7:729-736.

INTRODUCTION

In Shakespeare’s Hamlet, Horatio and Polonius both serve as ad-
visers to Danish royalty, the former in service to Prince Hamlet,
who seeks retributive justice for his father’s demise, and the lat-
ter allied with King Claudius, who usurps the throne after mur-
dering his brother by poison. Yet, despite their similar positions,
Horatio’s and Polonius’s interpretations of environmental cues,
subsequent counsel to their benefactors, and the consequences
of their actions stand in contrast to one another. Polonius is con-
niving and impertinent, misinterpreting the actions of the court
despite his employment of spies and subterfuge. His schemes are
the catalyst that drives much of the excess violence and patho-
logic injury that plagues the play’s final act. In contrast, Horatio
serves as a humanistic, educated friend and adviser to Hamlet,
an impartial observer who confirms the presence of King
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Hamlet’s ghost, remains privy to the prince’s feigned court mad-
ness, and emblemizes loyalty and faithful observation. At the
conclusion, Polonius is the surviving observer who helps ensure
the orderly transition of power and assists the process of repara-
tive reconstruction.

The function of innate lymphoid cells (ILCs) was originally
conceptualized as an “innate” counterpart to Ag-specific Th sub-
sets (Thl, Th2, and Thi17) that develop in response to specific
pathogens. Indeed, ILC subsets share core developmental pro-
grams with their corresponding Th subsets and rely on similar
transcriptional regulators for development, maintenance, and cy-
tokine production (1-3). As primarily tissue-resident cells, ILCs
are poised as first responders at barrier sites to elaborate cyto-
kines and shape the subsequent adaptive immune response. In
this model, they were thought of as an immunologic “Polonius”:
forward-acting instructors that prime the inflammatory response
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upon pathogen challenge, potentially later resulting in detrimen-
tal tissue destruction.

However, there is now increasing appreciation for homeo-
static functions for ILCs in maintaining tissue integrity and
shaping host responses well after acute perturbation (3). Thus,
ILCs have a balanced, advisory role as a homeostatic “Horatio”:
integrating diverse environmental cues to engage appropriate
repair pathways and mitigate excessive tissue injury. In this
perspective, we consider how ILC feedback circuits regulate re-
parative responses to perturbation using basic control theory.
We discuss how these tissue circuits are influenced by ILC de-
velopment and become dysregulated in cases of inflammatory
challenge. Finally, we discuss the implications of ILC homeo-
static functions in aiding and advancing human health.

CLASSIFICATION AND DEVELOPMENTAL ORIGINS

ILCs are grouped into five major subsets: NK cells, lymphoid
tissue inducer (LTi) cells, ILCI1, ILC2, and ILC3, based on their
expression of lineage-specifying transcription factors (TFs) and
their associated signature cytokine production (1, 4). NK cells
are mainly circulating cells that express the TF Eomes and per-
form granzyme-dependent cytotoxic functions (5). In contrast,
the noncytotoxic “helper” ILCl, ILC2, and ILC3 subsets are
characterized by long-term tissue residence and closely resem-
ble Thi, Th2, and Th17 subtypes of Th cells, respectively, shar-
ing expression of lineage-defining TFs T-bet, GATA-3, and
retinoic acid receptor-related orphan receptor yt (RORyt) and
associated signature effector cytokines. LTi cells coordinate the
formation of secondary lymphoid tissue such as lymph nodes
and Peyer’s patches in embryonic development, and their post-
natal adult function partially overlaps with a CCR6™ ILC3 sub-
set bearing low or absent expression of natural cytotoxicity
receptors (NCR") that can also direct and maintain tertiary
lymphoid tissues such as cryptopatches (4).

In adult bone marrow, innate and adaptive lymphocytes
diverge at the common lymphoid precursor stage, after which
a committed early ILC precursor arises with multilineage po-
tential for all ILCs (5-7). Among helper ILC subsets, ILCls
express the lineage-specifying TF T-bet and promote type 1
immune responses through production of IFN-y and TNF family
cytokines (5). ILC2s express the TF GATA-3 and coordinate
type 2 immune responses through the production of cytokines
such as IL-5, IL-9, and IL-13 (8), usually in the context of hel-
minth infection and allergic inflammation (2, 4). ILC3s include
multiple subsets of RORyt-dependent innate lymphocytes and
are found mainly at mucosal barriers such as gastrointestinal
(GI) tract lamina propria. ILC3s serve as the primary steady-
state source of IL-22 (9) and also produce IL-17, driving
neutrophil recruitment, antimicrobial peptide production,
and enhanced barrier function characteristic of type 3 im-
munity (10, 11).

In this article, we focus on describing homeostatic functions
of ILC1, ILC2, and ILC3 subsets. However, we note that NK
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cells and ILCls share overlapping surface markers, rely on simi-
lar transcriptional networks in development, and exhibit consid-
erable tissue heterogeneity (12). As such, distinguishing between
ILCIs and tissue-resident NK cells has been a subject of contin-
ued debate because a unique, stably expressed, and reliable ILC1
phenotype relevant to all peripheral tissue sites has yet to be
identified (13). Similarly, the functional distinction between ILC3
subtypes, particularly CCR6" ILC3s that resemble fetal LTi cells
and are frequently referred to as LTi-like lymphocytes (14, 15),
makes precise delineation between ILC subsets challenging.

ILCs in adult tissues are influenced by the principle of lay-
ered ontogeny, in which waves of recruitment into target tis-
sues occur during transiently open developmental windows.
These restricted developmental periods are a generalized feature
of vertebrate immune cell development, as first described for
peritoneal Bl and B2 cells and later shown applicable to most
tissue-resident immune cells, including mast cells, tissue macro-
phages, dendritic epidermal T cells, and v3 T cell-biased lym-
phoid progenitors (16).

Layered ILC ontogeny has best been characterized in ILC2s,
which are broadly distributed in peripheral sites, including lung,
GI tract, tonsils, adipose tissue, and skin. Fate mapping ap-
proaches have identified successive waves of ILC2 tissue
accumulation during mouse development, with the majority
appearing in a postnatal wave of expansion that coincides
with the upregulation of type 2 cytokine expression (17). ILC2s
from fetal liver or adult bone marrow derive from common lym-
phoid precursors that, at default, have a genomic organization
that favors ILC development and subsequently undergoes rear-
rangement, tethering, and looping of 1d2, GATA-3, and ROR«
elements to become restricted to an ILC2 progenitor pool (18).
Although genomic alterations driving differentiation to other
ILC subsets are less well characterized, ILC1/NK and ILC3
development appear to follow similar organizing principles, as
shown in fate mapping experiments tracing the development
of liver-resident NK cells from ILC2 progenitors and in distinct
ILC3 subsets (NCR* and NCR") successively arising in the
mouse fetal gut, as recently overviewed (19).

Layered ontogeny studies suggest a model where innate and
innate-like lymphocytes expand and disperse in the early post-
natal period, become poised for rapid effector function, and ex-
hibit an increased propensity for regulatory, anti-inflammatory
phenotypes after encountering self or nonthreatening danger sig-
nals (20-22). Analogous to distinct regulatory roles seen in fetus-
derived versus monocyte-derived macrophages (23), the homeo-
static roles of fetus-derived ILCs residing in tissue niches appear
temporally restricted, and later replenishment by ILC progeni-
tors or mature ILC2s from other anatomic compartments,
especially after severe inflammatory stress, may not recapit-
ulate perinatally imprinted regulatory functions. For exam-
ple, after helminth infection, lung tissue-resident “natural”
ILC2s exhibited IL-33 responsiveness and a more regula-
tory phenotype (with higher arginase expression), whereas
recruited “inflammatory” ILC2s remained responsive to IL-25
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signaling and exhibited shorter-lived, ILC3-like responses in
mouse lung (24).

SENSING PERTURBATION AND DANGER SIGNALS

ILCs diverge from the traditional conception of lymphocytes as
Ag-specific effector cells of adaptive immunity. For one, they
can develop in the absence of the RAGs, RAGI and RAG2, and
express either nonrearranged or minimally rearranged tran-
scripts for TCR chains, suggesting a potential shared origin
from IL7R " lymphoid primed multipotent progenitors that fail
to undergo or attempt abortive thymic T-cell selection (16). In
contrast to myeloid cells, ILCs rarely rely on pattern recogni-
tion through the TLR and NOD-like receptor families (25, 26),
instead sensing tissue perturbation through both “canonical”
cytokine signals and a bevy of noncanonical (nonpeptide) sig-
nals such as neurotransmitters, lipids, dietary metabolites, and
other small molecules (2, 3). An overview of this array of
sensed ILC environmental inputs is provided in Fig. 1. This
sensing can occur directly through cell surface receptors or via
chemosensory intermediary cells such as neurons and tuft cells.
Traditional cytokine-based stimulation of ILCs via IL receptors,
“alarmins,” and TNF superfamily members has recently been
overviewed elsewhere (2, 3, 16).

Neuromodulators

Most peripheral tissues are innervated by sensory neurons that
monitor environmental stress, with their sensory input relayed
to ILCs via neurotransmitters and neuropeptides. Examples of
neuromodulator responsiveness include adipose tissue ILC2s
that express B-adrenergic receptors responsive to sympathetic
catecholamines (27) and lung-resident ILC2s expressing the
a7 nicotinic acetylcholine receptor responsive to parasympa-
thetic activation (28). Among neuropeptides, products of the
glucagon/incretin (e.g., vasoactive intestinal peptide [VIP]),
calcitonin (e.g., calcitonin gene-related peptide [CGRP]), and
bombesin (e.g., neuromedin U [NMU]) families have all been
shown to regulate ILC function in diverse tissue settings, partic-
ularly in barrier mucosal tissues such as the lung, the GI tract,
and its associated enteric nervous system (ENS) (3).

As select examples, ENS-derived VIP induces IL-5 produc-
tion from ILC2 in oscillating production cycles to synchronize
eosinophil numbers during feeding in one striking example that
links innate immunity to circadian rhythm, organismal foraging,
and nutrient extraction (29). Similarly, the neuropeptide NMU
intrinsically activates gut ILC2s and induces their expansion
and activation via NMUR1-Gaq (30, 31), whereas intestinal
CGRP restricts IL-13 production, limits an inflammatory
KLRG1" ILC2 pool, and promotes basal IL-5 production (32).
Intestinal CCR6" ILC3s bearing high VIPR2 receptor expres-
sion also respond to ENS-derived VIP during food intake (33),
which drives IL-22 production and altered localization via hom-
ing receptor expression (34). Additionally, pulmonary C-fibers
and neuroendocrine cells localized at airway branch points
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FIGURE 1. Diverse sensory inputs for ILCs.

ILCs respond to external stimuli through the detection of multiple che-
mosensory cues and second messengers, here divided into four major
categories. Similar to adaptive lymphocytes, ILCs are responsive to soluble
cytokine signals and trans surface receptor engagement in cell-cell ligand—
receptor pairs. Additionally, they are linked to the peripheral autonomic
nervous system and via neurotransmitters (catecholamines and choliner-
gic ligands) and neuropeptides of the glucagon/incretin (VIP), calcitonin
(CGRP), and bombesin (NMU) families. Lipid signaling mediators include
the eicosanoids (leukotrienes and prostaglandins) and tissue damage-—
associated glycolipids. Finally, multiple metabolites and small molecules, in-
cluding short-chain fatty acids (SCFAs), ATP, and aryl hydrocarbons (AHRs)
also function as local sensory input. Figure created in BioRender.com.

produce CGRP to direct pulmonary ILC2 function, with CGRP
acting as a context-dependent negative regulator constraining
IL-13 expression and proliferation (35-37).

Lipids, metabolites, and other small molecules

ILCs are also regulated by diverse “innate” (nonpeptide) signals,
including lipids (e.g., PGs and leukotrienes) and microbially de-
rived and self-derived small molecules. For example, in a model
of liver injury, the extracellular release of ATP from damaged
hepatocytes engages P2RX7 receptor-expressing ILCls to
amplify tissue damage and apoptosis downstream of CD155-
DNAMI signaling (38). In the GI tract, PGE, signaling sustains
intestinal homeostasis in large part through the regulation of
EP4 receptor-positive ILC3s, which become stimulated to pro-
duce IL-22 (39). Eicosanoid lipid signaling to ILCs can be ei-
ther pro- or anti-inflammatory, because ILC2s are activated by
PGD, and leukotriene D, but inhibited by PGE, and lipoxin A,
(2). Noneicosanoid lipids also appear to have regulatory roles,
as in the case of lysophosphatidylserine release following
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neutrophil apoptosis upon intestinal epithelial injury, which in-
duces IL-22 production in ILC3s via GPR34 (40).

ILC function is also modulated by dietary metabolites, such
as vitamin A-derived small molecules signaling through the
aryl hydrocarbon receptors and short-chain fatty acids acting
on free fatty acid receptors. In the GI tract, aryl hydrocarbon
receptor agonists derived upon consumption of cruciferous veg-
etables promote ILC3 and impair ILC2 function, whereas vita-
min D; metabolites impair ILC3 activity (41, 42). Similar to
eicosanoids, short-chain fatty acids such as acetate, butyrate,
and propionate can have pro- and anti-inflammatory effects on
ILCs due to differential expression of metabolite-sensing free
fatty acid receptors, depending on tissue context (41, 43).

Altogether, ILCs sense and integrate a diverse array of small-
molecule and chemical signals released by tissue stress and thus
are not reliant solely on cytokine signaling to drive their effector
function. The wide range of “innate” (nonpeptide) chemical and
small-molecule mediators of ILC function show a striking degree
of overlap with nonpeptide ligands that activate innate-like
unconventional lymphocytes. These include glycolipids and self-
derived carbohydrates stimulating natural IgM-expressing
B1 cells, microbiota- and self-derived a-linked glycosylceramides
activating NKT cells, and microbiota-derived vitamin B metabo-
lites recognized by MRI-restricted mucosal-associated invariant
T cells (44). Unconventional innate-like lymphocytes also share
similar developmental signatures to ILCs, such as expression of
the TF PLZF (7); have a restricted repertoire of Ig gene rear-
rangement; and frequently exhibit long-term tissue residence
with poised effector function. We propose that further studies
rooted in comparative evolutionary analyses and developmental
ontogeny of lymphocytes will be essential in deciphering how
danger and stress signal recognition arose in ILCs, because simi-
lar approaches have been fruitful in understanding TCR« diver-
sity (45) and the animal ancestry of hematopoietic cells (46).

EXAMPLE ILC TISSUE CIRCUITS

Thus far, we have reviewed signaling crosstalk between ILCs
and specific epithelial, stromal, and chemosensory cells using
linear signaling descriptions. However, we propose that a richer
understanding is obtained by invoking control theory (Fig. 2),
where tissue circuits are conceptualized as forming a localized,
closed-loop negative feedback circuit that maintains organismal
homeostasis near an adaptive set point. In diverse cases, ILCs
function as the central controller component integrating di-
verse inputs from surrounding sensors and subsequently relay
their signal processing as instructions to output effectors, or
actuators, of the circuit (Fig. 2A). Example circuits have best
been described for ILC2, but similar principles appear applica-
ble to ILC1, ILC3, and innate-like unconventional lymphocytes
that share developmental pathways and local regulation by
noncanonical innate danger signals.

The tuft cell-ILC2 circuit is particularly illustrative as a case
study. Tuft cells are rare, endoderm-derived chemosensory
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epithelial cells sharing similarity to type 2 taste receptor cells
that detect sweet, bitter, and umami taste in the oropharynx
(47). Expression of GPRI1 allows tuft cells to detect succi-
nate generated by Tritrichomonas protists, an intestinal
commensal of wild mice (48). Tuft cells respond by releasing
IL-25, which stimulates lamina propria ILC2s to produce type
2 cytokines (IL-5 and IL-13) and growth factors such as am-
phiregulin (AREG) (49, 50) upon pathobiont colonization. IL-13
acts directly on crypt transit-amplifying intestinal stem cells to
slow their transit time and alter their migration as they ascend
the intestinal villi (51, 52). Increased dwell time at the base of in-
testinal crypts biases stem cell differentiation toward secretory
cell fates (e.g., goblet and tuft cells) at the expense of transition-
ing to absorptive enterocytes (49, 53). This tuft cell-mediated bi-
asing underlies much of the type 2 immune “weep and
sweep” response that clears helminth parasites and adjusts
tissue cell composition during protist colonization (Fig. 2B).

Similar tissue circuits where ILC2s function as central con-
trollers to direct homeostatic and reparative type 2 immunity
have been uncovered in models of influenza infection of the pul-
monary tract (54) and dextran sulfate sodium-induced colitis of
the lower GI tract (55). In these cases, the ILC2 tissue repair re-
sponse was more strongly linked to production of AREG, a
growth factor that binds epidermal growth factor receptors on
epithelial cells to promote cell proliferation. This was substanti-
ated with the recent use of Nmur-Cre-driven specific deletion
of AREG in ILC2s, which led to disrupted colonic homeostasis
and delayed clearance after Trichuris infection (56).

ILC3s also maintain homeostasis in the GI tract during en-
teric pathogen infection or upon perturbation of the intestinal
microbiota (2, 3) by chemical- or radiation-induced tissue
damage (Fig 2C) via a similarly organized tissue circuit. Multi-
ple ILC3 subsets produce IL-22, which signals to GI tract epi-
thelial cells to induce a diverse barrier immunity program that
includes the upregulation of antimicrobial Reg and defensin
proteins, heightened production and altered glycosylation of
mucins, and increased tight junction permeability (9, 57-59).
Akin to ILC2-derived IL-13 action on intestinal stem cells, ILC3-
derived IL-22 modulates stem cell identity and differentiation by
preserving Lgr5 " intestinal stem cells after injury (58) to sustain
epithelial regenerative capacity, with supplemental reinforce-
ment by production of ILC3-derived reparative growth factors
such as GM-CSF (60) and heparin binding epidermal growth
factor (61, 62), somewhat analogous to the production of ILC2-
derived AREG.

In a final example, ILC2s function as a central actuator in
allergic atopic behavior such as itch and food avoidance as
part of an adaptive homeostatic response that limits physical
proximity and future exposure to potentially tissue-destructive,
noxious stimuli (Fig 2D). In a tape stripping-based model of
itch, damaged keratinocytes release systemic IL-33 to synergize
with tuft cell-derived IL-25 to drive ILC2 and Th2 cell activa-
tion in the GI tract. This induces local release of IL-13 and IL-4
that expands small intestinal mast cells, which function as aller-
gic effectors in adjusting intestinal permeability and anaphylactic
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responses in food allergy (63). Separately, in a model of atopic
dermatitis-like conditioned skin inflammation, the mast cell-
histamine axis was found dispensable for itch, instead requiring
a basophil-leukotriene axis (64), suggesting that although ILCs
broadly function as central controllers, they can direct distinct
actuator components depending on the tissue context.

Although current studies have supported this model of
ILCs functioning as the central “Horatio” controller, multiple
knowledge gaps still exist in our circuit framework. In particu-
lar, the actuator-driven resolution of tissue responses to injury
or stress, as well as the subsequent restoration of homeostasis,
is often incomplete and unpredictable, with varied and un-
synchronized timescales. In some cases, such as pathogenic
fibrosis resulting after severe viral infection, actuators do
not appropriately dampen down their response even after the
removal of the inciting stimuli, resulting in a pathogenic tissue
response and the development of interstitial lung disease. Fu-
ture studies of ILC-centered tissue circuits should focus on
understanding actuator output back to (attempted) homeosta-
sis, with attention paid to temporal resolution, adjustment of
immune response types, and possible effector variation linked
to diverse environmental inputs. This will enable a more fruitful
assessment of homeostatic roles of ILCs as they engage tissue
remodeling through the modulation of stem cell differentiation,
biasing of developmental fates and recruitment of specialized
repair cell types. Ultimately, understanding ILC-driven actuator
outputs in greater detail will allow their subsequent modulation
and redirection, with the eventual mitigation of maladaptive tissue
responses such as in chronic fibrosis, the metabolic syndrome,
and allergic anaphylaxis.

EFFECTOR PLASTICITY AND MIXED INFLAMMATION

One challenging aspect of interpreting ILC studies lies in an
increasing recognition of effector plasticity, or a spectrum of

(A) Using control theory principles, local tissue circuits are constructed
with a framework of ILCs serving as central controllers, where they re-
ceive environmental inputs from surrounding sensor cells that become
perturbed by external stressors (disturbance). ILCs integrate sensory
cues to then relay appropriate executive instructions to effector outputs
(actuators), typically through cytokine production, to generate an appro-
priate homeostatic or reparative response to accommodate the external
disturbance and restore tissue function back to the adaptive set point.
(B) ILC2s function as controllers in the Gl tract during protist colonization
or helminth invasion to engage a “weep and sweep” protective tissue re-
sponse. (C) ILC3s function as controllers in the Gl tract during disrupted
active bacterial infection or chemical and environmental injury to engage
a protective barrier immunity tissue response. (D) ILC2s function as con-
trollers in the skin and the Gl tract during pruritogen or allergen exposure
to engage a protective itch and atopic response. Figure created in
BioRender.com. DSS, dextran sulfate sodium; HB-EGF, heparin binding
epidermal growth factor; TSLP, thymic stromal lymphopoietin.
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phenotypes similar to that observed in Th cell subsets (65).
Mature ILCs, especially in inflammatory settings, take on mixed
or interchangeable properties of multiple subsets at once rather
than adhere to discrete ILC1, ILC2, and ILC3 paradigms. For
instance, T-bet is upregulated in CCR6~ ILC3s during Salmo-
nella (14) and Clostridioides difficile infection (66), endowing
them with ILC1-like functions. Pulmonary ILC2s can take on
ILC1 properties by downregulating GATA-3 to produce IFN-y
during viral infection and after cigarette smoke exposure (67).
Mouse epidermis-resident ILCs at baseline exhibit simulta-
neous ILC2 and ILC3 properties, including coexpression of
GATA-3 and RORvyt (68), which was also described in human
dermal ILC2s cocultured with Candida (69). This so-called
pathogenic effector state of skin-resident ILCs was later shown
to be due to a preexisting dense developmental continuum
that spans the ILC2 and ILC3 transcriptional landscape even
at steady state (70).

Although effector plasticity can make disentangling immuno-
pathology challenging, it also highlights the importance of appre-
ciating layered ontogeny and systemic ILC-poiesis in uncovering
ILC function. Like the earlier example of inflammatory ILC2s in
the lung, developmental timing may explain the distinct func-
tional properties of NCR™ and NCR* gut ILC3s, which exhibit
contrasting patterns of IL-17 and IL-22 production and reflect
their differing origins in fetal gut versus postnatal bone marrow
(19). Indeed, many of the differences found between mouse and
human, including increased circulating ILC2 progenitor cells and
more abundant adaptive T-cell residence in human tissues at
birth (20, 21), appear to reflect chronologic differences in murine
versus human fetal immune development. We argue that a fuller
understanding of ILC effector plasticity and mixed inflammation
will be crucial to adequately characterizing organismal responses
to physiologic stimuli, because many environmental stressors do
not fall neatly into type 1, 2, or 3 paradigms.

CLINICAL IMPLICATIONS AND CONCLUSIONS

Altogether, a cross-disciplinary body of work supports a model
of ILCs functioning as deeply embedded controllers in complex
tissue circuits, integrating environmental signals received from
feedback sensors to engage downstream restorative cellular ac-
tuators (Fig. 2). The continued study of ILC tissue circuits in
this framework will be crucial in understanding the sequelae
and consequences of immune modulation in diverse clinical
populations, not only during acute infection but also, for ex-
ample, in oncology patients maintained on long-term immune
checkpoint inhibitor therapy (71-73); rheumatologic patients
treated with long-term biologic therapies targeting ILC-relevant
cytokines such as IL-4Ra, IL-5, and IL12/23; and individuals
receiving therapies directed against small signaling mediators
that impact tissue lymphocyte function, such as migraine
patients treated with CGRP antagonists.

Rather than serve only as a frontline marshal to mediate
combative measures against pathogens, akin to the Polonius
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role of aiding Claudius, ILCs report and deliver on tissue dramas
of variegated form and function, ranging from traumatic injury,
noxious chemical stimuli, pathobiont colonization, and nutrient
availability. In this regard, they resemble the versatile, all-
purpose adviser and sounding board that Horatio represents
for Prince Hamlet. In so doing, ILCs engage in oft underrecog-
nized roles on the frontlines of repair and restoration, like the
gravediggers who toil in obscurity in the final act of Hamlet—
truly no more ancient gentlemen but the gardeners, ditchers,
and gravemakers that hold up Adam’s profession.
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